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INTRODUCTION
Abdominal pain is extremely common in children and may reflect a variety of conditions. 1 The most common cause of acute abdomen in children is acute appendicitis (AA), but its diagnosis has many difficulties. 2 A delay in diagnosis and surgery of AA is often associated with a more advanced stage of disease, complications, increased length of hospital stay and higher morbidity. 3 Previous studies have revealed clinical and laboratory signs of appendix perforation in children with more than 48 hours delay of diagnosis after AA onset. However, the possible reasons for the delay in diagnosis and treatment of AA in children have not been clarified. 3, 4 In a previous study we showed our preliminary results of the possible factors which individually or in combination influence the timely diagnosis of AA in childhood, but we had limited number of patients in this series. 5 The aim of this study was to strengthen our previous findings by a) adding gender as a new factor and b) studying a much larger population.
MATERIALS AND METHODS
Between January 2007 and December 2017, 602 patients (343 boys) aged 1.5 to 14 years (mean age: 9.2 years) underwent emergency appendectomy for AA in our department. All children had positive histological findings for AA. Children without positive histological findings were excluded from this study. Data were collected from the medical records of the patients, with a focus on the time that elapsed from the onset of symptoms to surgery, operative findings, gender (male), age (≤5 or >5 years), the presence of obesity (body mass index >95th percentile), the use of antibiotics prior to diagnosis, and the initial examination being performed by a paediatric surgeon or other physician (general practitioner, general surgeon or paediatrician).
Patients were allocated into two groups by length of diagnostic period as follows: >48 hours (group A) and <48 hours (group B). The diagnostic period is the time between first complaints and the definitive diagnosis, and its duration was associated with the following factors both individually and in combination: gender, age, obesity, use of antibiotics prior to diagnosis, and the initial examination being performed by a paediatric surgeon or another physician. The diagnosis was assisted by ultrasonography in the most confusing cases, which were mostly obese patients.
In order to investigate the factors associated with the length of diagnosis, univariate and multivariate logistic regression method (backward method) was applied. Also, the Odds Ratio (OR) and the Confident Intervals (CI) of the ORs of each factor separately or in combination were estimated. All the statistical tests were performed at the statistical significance level of 5%. Data were analysed using SPSS software, version 22 (Statistical Package for Social Sciences Inc., 2003, Chicago, USA).
RESULTS
The definitive diagnosis was delayed by >48 hours in group A (n=287, 47.7%), in which the operative findings were gangrenous appendicitis, general peritonitis and appendiceal mass. The diagnostic period was <48 hours in group B (315 patients, 52.3%), in which the operative findings were inflamed or purulent appendicitis and local peritonitis.
In group A, the boys were 153 (53.31%) and the girls -134 (46.69%), while in group B the boys were 190(60.3%) and the girls were 125 (39.7%) (p=0.083). (Tables 1, 2) .
The age distribution differed markedly between the two groups: 99 (34.5%) and 33 (10.5%) children were aged 1.5-5.0 years in groups A and B, respectively (p<0.001) ( Tables  1, 2) .
Children with body mass index >95th percentile were 80 (279%) and 58 (18.4%) in groups A and B, respectively (p=0.006). (Tables 1, 2) .
The initial diagnosis was gastroenteritis in 75 patients (26.13%) in group A (of which 57 were younger than 5 years), urinary tract infection in 20 (6.97%), bronchopulmonary infection in 19 (6.62%) and constipation in 4 (1.39%).
Due to an incorrect initial diagnosis (urinary tract or bronchopulmonary infection or other unrecognized reasons), antibiotic treatment was administered for more than 24 hours in 71 (24.74%) and 28 (8.89%) of the children in groups A and B, respectively (p<0.001) ( Table 1 ). The initial examination was performed by a non-paediatric surgeon in 197 (68.6%) and 176 (55.9%) children in groups A and B, respectively (p=0.001) (Tables 1, 2) .
Each of the examined risk factors contributed to the diagnostic delay with a different loading factor when examined separately. The factors with the most pronounced effect were the younger age (p<0.001) and the antibiotic treatment (p<0.001), followed by the initial examination being performed by a non-paediatric surgeon, (p=0.001) and obesity (p=0.006). The gender (male) was not a statistically significant factor when it was examined separately (p=0.083) ( Table 2) . During data analysis, a common practice is to include in multivariate analysis only those variables that are statistically significant in univariate analysis. Such a habit is risky as some variables that are not significant in univariate analysis may become significant in multivariate analysis. 6 Moreover, as gender is a biological factor it was necessary to be included in the multivariate analysis. When we kept the gender in the multivariate analysis, we noticed that it was a statistically significant factor and probably other factors interacted with it.
After we examined all the main effects with interactions, multivariate binary logistic regression with backward method was employed to predict the probability that a participant would have length of diagnostic period >48 hours. As shown in Table 3 , the predictor variables which were included finally in the model were "Gender", "Age", "Antibiotics", "Initial Examination", "Gender* Antibiotics" and "Gender* Initial Examination".
We concluded with all the interactions of the model with the following results:
Males compared to females, who did not use antibiotics and were examined by a paediatric surgeon had decreased odds of having the length of diagnostic period >48 hours, while holding all other variables constant (OR=0.25, p-val-ue<0.001).
Participants aged "≤5 years" compared to participants aged ">5 years" had increased odds of having the length of diagnostic period >48 hours, while holding all other variables constant (OR=3.77, p-value<0.001).
Females that used antibiotics compared to females that did not use antibiotics had increased odds of having the length of diagnostic period >48 hours, while holding all other variables constant (OR=11.89, p-value<0.001).
Females who were examined by other physician compared to females who were examined by a paediatric surgeon had decreased odds of having the length of diagnostic period >48 hours, while holding all other variables constant (OR=0.38, p-value=0.001).
Males compared to females who did not use antibiotics had increased odds of having the length of diagnostic period >48 hours, while holding all other variables constant (OR=0.25*5.84=1.46).
Males compared to females who used antibiotics had decreased odds of having the length of diagnostic period >48 hours, while holding all other variables constant (OR=0.25*0.13*5.84=0.19).
DISCUSSION
A diagnosis of AA is obvious when a child presents in the emergency department of a hospital with pain in the right lower abdominal quadrant within <24 hours that is accompanied by nausea, vomiting, low-grade temperature and local peritoneal irritation in the physical examination. 2 This situation applies to the patients in group B of the present study. However, the diagnosis of AA is often more complicated in the presence of non-specific symptoms that may delay the diagnosis for >48 hours, as in group A of this study. 7 The reason that we added the gender in our study as the possible factor that contributes to the delay diagnosis of AA is that in the literature males seem to suffer from AA more often than females with rates of 1.5-2.9:1. 8, 9 Furthermore, in several appendicitis scores males appear to be among the prognostic factors of AA. 10, 11 In our study in univariate analysis the gender was not a statistical significant factor for the delay of diagnosis but in multivariate it was, probably as a biological factor interacted with all the other examining factors. However, in multivariate analysis of our results we noticed that boys compared to girls that did not receive antibiotics and were examined by a paediatric surgeon had decreased odds of having length of diagnostic period >48 hours, while holding all other variables constant (OR=0.25, p-value<0.001). In contrast, the girls who have been exam-ined by other physician compared to girls who have been examined by paediatric surgeon had decreased odds of having the length of diagnostic period >48 hours, holding all other variables constant (OR=0.38, p-value=0.001). In this respect we could speculate that girls were more social, descriptive and perhaps cooperative during the examination than boys and this could help the first doctor that examined them to have more accurate diagnosis. This possibility could be confirmed only after further examination.
A diagnosis of appendicitis becomes more difficult when the child is younger than 5 years. In this study, a very young age was a definite factor in delayed diagnosis of AA (Tables 1, 3 ). Both the physician and patient normally bear responsibility for the correct diagnosis and appropriate management of AA, but the very young patients cannot recognize that their symptoms are abnormal and seek medical evaluation. The symptoms of appendicitis in very young children can be ignored even by the parents for a prolonged period of time due to the communication inability. Frequently these children are referred initially to a paediatrician, which proves that the clinical picture in this group is often not indicative of classical appendicitis. 2 These children usually present with complicated appendicitis (as in our study), with the increasing frequency being in very young patients with the longer duration of symptoms. 12 We found that the initial diagnosis in 75 patients in group A was gastroenteritis, 57 of which were younger than 5 years. Diarrhoea is a common symptom in AA, especially in very young children, which can confuse the physician and delay the correct diagnosis. 13 Most of the very young patients in our study had to be admitted in the paediatric clinic because they were seriously dehydrated, and the correct diagnosis of AA was made after multiple clinical examinations. The factor of young age was proved as very powerful in our study with a statistical significance difference.
Another factor that contributed strongly to the delay in diagnosing AA in our study was use of antibiotic treatment prior to the diagnosis. It is currently unclear whether previous antibiotic treatment causes the delay in the diagnosis and treatment of AA. Children who present with abdominal pain receive antibiotics empirically due to a suspected diagnosis of urinary tract infection or pneumonia. A North American study of preschool children with appendicitis found that 57% of them had been seen at an earlier stage in their illness and treated with antibiotics, antipyretics or antihistamines. This resulted in a perforation rate of 83%, compared to one of 36% among children who had been referred directly. 14, 15 On the other hand, Landes et al. found that the rates of nausea, rebound tenderness, and elevated temperature and white cell count were lower among 11 patients with appendicitis aged 18-27 years and who had been taking tetracycline for acne for at least 1 month, than among 100 patients also presenting with appendicitis but not taking antibiotics. The overall perforation rate was 7% in that study, and the authors suggested that antibiotics could have reduced the perforation rate. 16 In the present study, antibiotic treatment was administered for more than 24 hours in 71 and 28 children in groups A and B, respectively. The use of antibiotics individually or as a combined risk factor in some cases significantly affected the delay of diagnosis and the course of the disease in our study. We noticed that females who do use antibiotics compared to females who do not use antibiotics are almost 12 times more likely to have length of diagnostic period >48 hours. In contrast, males compared to females who do not use antibiotics had increased odds of having length of diagnostic period >48 hours, and males compared to females who use antibiotics had decreased odds of having length of diagnostic period >48 hours. This fact does not make clear whether in boys the use of antibiotics plays a role in the delaying of diagnosis of AA and agrees with some articles claiming that the use of antibiotics does not lengthen the course of the disease. 16 We suggest to physicians who examine children with abdominal pain who received antibiotics to be particularly careful before excluding the diagnosis of AA. The same problem of diagnostic delay was present in the obese children in our study, but this risk factor had a weaker effect. In multivariate analysis of our study this factor didn't participate in the final model probably because it was covered by other factors. During the past 2 decades, the incidence of childhood obesity has been increased at alarming rates throughout the world. 17 Obesity is associated with various physiological changes that may impair how a patient responds to surgery. 18 Many of the distinctive physical findings of appendicitis are unreliable or difficult to reproduce in these patients. The increasing rates of childhood obesity mean that paediatric surgeons must appreciate differences in the management and outcomes of these patients. It is well known that abdominal examinations of patients with obesity may be deceiving, even in cases of an acute abdomen. Some of the obese children in our study had been seen by a physician and discharged home because the diagnosis was based solely on a physical examination, resulting in subsequent return with more advanced disease. Because of the variability of the findings of physical examinations in many of our obese children, the diagnosis of AA relied on imaging studies, especially ultrasonography. This may explain why obesity was a less determinate risk factor in the diagnostic delay of AA in our study.
The use of ultrasound to diagnose appendicitis in pediatric patients has been growing with the improvement of ultrasound (US) technology and operator skills. The experienced Radiologists and/or Pediatric Radiologists have the ability to evaluate the space of lower right quadrant using the appropriate transducers and making maneuvers to reveal the retrocecal positioned appendix and the possible acute appendicitis in obese and overweight pediatric patients. Besides, a lower diagnostic accuracy in the obese children (83%) than in lean counterparts (93%) has been reported. 19 Radiologists must be capable of giving an accurate diagnosis and this can only be achieved with training and experience. US must be a collaboration of physicians of many disciplines (e.g. radiologists, pediatricians, pediatric surgeons, emergency medicine) and US findings must be interpreted in conjunction with clinical evaluation. In our hospital although there is a pediatric surgery clinic there is not a pediatric radiologist department and our experienced pediatric radiologist is only one doctor. So it isn't possible for every child with abdominal pain to be evaluated with US. Furthermore, most of the children presenting to our hospital are referred by other regional hospitals without pediatric surgeons so the first evaluation and/or admission is made by non-specialists. So we considered another risk factor that contributes to diagnostic delay and this was the initial examination performed by a non-paediatric surgeon. In many cases patients reside far from a hospital with paediatric surgery facilities or it is easier for parents to first visit a paediatrician. In our study, the initial examination being performed by a non-paediatric surgeon was also a statistically significant factor for the delay in diagnosing AA in multivariate analysis. This indicates that diagnosing AA is very difficult when the initial examination of a child is performed by a non-specialist or in some cases the child's sociability or the behavior of the doctor to the child may play a role in making a correct diagnosis.
It is therefore very important for the physician who initially evaluates a patient with an acute abdominal pain to admit him or her in the hospital, when he is not sure about the diagnosis or instruct the parents to return with the patient to be re-evaluated if the symptoms progress. Performing repeated examinations over time is the key element in making the diagnosis in a patient whose initial examination is not diagnostic. 20 It should be explained to the parents of very young patients that the initial symptoms of appendicitis are non-specific, especially when the patient also has some of the other risk factors that we examined in this study. Our hospital covers a large region with many isolated villages with difficult access to a hospital, so we are in cooperation with the general practitioners and advise them when the patient can reliably describe symptoms, a trial of care at home with instructions to return if symptoms do not improve is reasonable. Patients should be provided with concrete and very clear instructions as to what to expect and when to return for a repeat evaluation. If patients are not reliable or may not be able to follow instructions, or live far from a surgical center, they should be admitted to an observation area where recurrent assessment and evaluation is possible.
Comparing the results of our previous and present study we noticed that we have many differences when the study population was increased. Especially, the examination by other physician was statistically significant in the recent study in contrast with the results of the same parameter of our previous study. 5 The additional factor, gender, appears to be implicated in the diagnosis. Finally, we conclude that the very young age has a main effect on the delay of diagnosis of AA, boys that were examined by a pediatric surgeon and didn't use antibiotics often they don't delay diagnosis and girls who used antibiotics are almost 12 times more likely to have length of diagnostic period >48 hours. Also, we found that in girls other factors may interact (as probably their social behavior) in the initial examination and we have to investigate them.
CONCLUSIONS
Diagnosing AA can still be puzzling for physicians. The development of various imaging techniques has improved our abilities in difficult cases, but the judgment and instinct of the physician are still vitally important for an early di-agnosis, especially when US cannot be used. It remains a challenge to diagnose appendicitis early because the symptoms are often not typical. The multiple possible causes of a diagnostic delay as investigated in our study must be kept in mind, including that they may exist alone or in combination and can lead to serious complications and lengthen the hospital stay. Performing repeated examinations in combination with utilizing imaging techniques if possible and asking for a specialist's advice specifically for children who are a special category of patients, could be the key to correctly diagnosing and treating AA.
Какие рисковые факторы являются ответственными за промедление в диагностике острого аппендицита у детей? Одиннадцатилетнее исследование в рамках одного учреждения.
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